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INTRODUCTION

At the request of the WDOE Eastern Regional Office, a receiving water survey
was conducted on August 29 and 30, 1983 by the Water Quality Investigations
Section in conjunction with a Class II inspection (Yake, 1984) of the Spokane
Industrial Park (SIP) wastewater treatment plant. The general objective ot the
receiving water survey was to determine the impact of the SIP discharge on the
water quality of the Spokane River.

The SIP treatment plant discharges to the Spokane River at river kilometer (r.k.)
139.4, approximately 0.8 kilometer downstream from the Sullivan Road Bridge (Fig-
ure 1). The Spokane River is a Class A river, and the reach of river which re-
ceives the SIP effluent is heavily used for rafting, swimming, and fishing (URS
Co., 1981). This reach is also notable because of the very high trout density
when compared to other sections of the river (Bailey and Saltes, 1982).

The sampled area, between the Sullivan Road Bridge and the Walk in the Wild Park,
is an area where a large amount of groundwater flows to the river. This inflow
can be obscrved as small springs along the banks at low river flow.

METHODS

On August 29, 200 mLs of Rhodamine WT dye were added to the effluent at the
end of the chlorine contact chamber to: determine the in-pipe travel time
(discussed in Yake, 1984); locate the outfall; and examine the dispersion of
the effluent in the river.

Water samples were collected from the north bank as subsurface grabs at three
stations on August 29. Station la, a control station above the effluent dis-
charge, was Tocated about 50 meters downstream from the Sullivan Road Bridge
(r.k. 140.2); Station 2 was located about 10 meters below the discharge point
(r.k. 139.2); and Station 3 was Tocated about 300 meters below the discharge
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point. On August 30, the upstream control station was moved about 100 meters
above the Sullivan Road Bridge (Station 1b) to an area above substantial
groundwater inflow. Sample stations 2 and 3 were the same as on August 29.
Additional samples were collected from the groundwater inflow just below the
SulTivan Road Bridge and at the Walk in the Wild Park (Station 4) on the south
bank, 1 kilometer below the SIP discharge.

Parameters measured in the field included temperature (mercury-filled thermome-
ter), dissolved oxygen (Winkler method), and pH (Beckman meter). Other water
samples were placed on ice and returned to the WDOE Environmental Laboratory

in Olympia for analysis. These samples were analyzed for specific conductance,
total hardness, chloride, turbidity, chemical oxygen demand, fecal coliform,
total phosphorus, orthophosphate-phosphorus, nitrate-nitrogen, nitrite-nitrogen,
ammonia-nitrogen, oils and greases, phenol, cyanide, total solids, total non-
volatile solids, total suspended solids, total non-volatile suspended solids,
copper (total and soluble), zinc (total and soluble), nickel (total and solu-
ble), lead (total and soluble), arsenic (total and soluble), and total mercury.
Samples for priority pollutants from Station 2 were forwarded to the U.S. En-
vironmental Protection Agency (EPA) laboratory at Manchester, WA, for analysis.
A portion of the metal samples was also analyzed at the Manchester laboratory
at lower detection 1limits than possible at the Olympia laboratory.

Fish samples were collected from above and below the effluent discharge by
electroshocking during the night of September 1, and frozen within 3 hours
after collection. Whole-fish samples were analyzed by the EPA Manchester

laboratory for priority pollutants (organics) and metals.

Fish distribution was observed by skindivers swimming from the Sullivan Road
Bridge to about 100 meters below the discharge. One diver swam down the north
bank, and one swam down the south bank to the point where the railroad bridge
crosses the river 200 meters upstream of the SIP discharge. Both divers then
swam down the northern bank and into the discharge and dilution zone.

The toxicity of the effluent was assessed by standard 96-hour acute bioassays
(WDOE, 1980) using rainbow trout. The tests were run with 0.0 percent, 0.6
percent, and 4.2 percent effluent in Spokane River water and well water. The
0.6-percent dilution corresponds to a theoretical concentration if the ef fluent
is completely mixed with 100 percent of the 7-day, 10-year Tow river flow (170
cfs). The 4.2-percent dilution corresponds to effluent mixed with 15 percent
of the river discharge. The SIP discharge was assumed to be 0.7 MGD. The
river dilution water was collected at Harvard Road (r.k. 148.3), and the well
water was collected from a tap at the Liberty Lake WTP. Water was transported
to the Olympia Cnvironmental Laboralory in acid-cleaned plastic drums.
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RESULTS AND DISCUSSION

The dyed effluent plume traveled along the north bank through a small riffle
about 120 meters below the discharge and then appeared Lo move toward the
center of the river. The last faintly visible dye was observed at the head of
a set of rapids about 300 meters below the discharge. This area was our #3
sampling station. River flow on both days of sampling was 365 cfs (USGS,
1984). This equates to a dilution ratio of 330:1. The ratio during the 7-
day, 10-year low flow event of 170 cfs would be 240:1.

The SIP discharge pipe terminated near the shoreline during this survey (365
cfs, USGS, 1984), and would probably be within a meter of the shore during
/-day, 10-year Tow flow design conditions (170 cfs). The pipe is not equipped
with a diffuser. It is doubtful that the location and the type of outfall
facilitates mixing with either 15 percent of the river width or volume as
recommended in the dilution zone guidelines (WDOE, 1978).

To further complicate the dilution, the effluent discharge rate was highly
variable. Yake (1984) discussed the hydraulic surges and determined they were
caused by the sludge return pumps in the SIP. The effluent flow doubled for a
period of 27 minutes per hour and decreased to about 1/2 the normal flow for
the remainder.

The remainder of the results are presented and discussed in categories of: (1)
Conventional Parameters, (2) Metals, (3) Priority Pollutants, (4) Toxicity
Testing, (5) Design Flow Analysis, and (6) General Observations.

1. Conventional Parameters

The groundwater inflow noticeably affects physical and chemical parameters
in the sampled river reach and masks the effect of the SIP discharge for
some parameters. For example, the temperature data for August 29 (Table

1) appear to indicate the SIP discharge raised the river temperature sub-
stantially when compared with the upriver station (#1a), but we noticed

the following day that our upstream station was below several large springs.
Consequently, the #1 station was moved upriver and above some of the ground-
water inflow. The temperature data for August 30 indicate the groundwater
inflow reduces the river temperature about 1 degree Centigrade between
Stations #1lb and #4 with no observable effect of the SIP discharge.

The dissolved oxygen was near saturation (89 to 95 percent) at all river
stations on both days. The groundwater was relatively well-aerated at 73
percent saturation.

The river pH was circumneutral (range 7.0 to 7.3 units) at all stations on
both days. The SIP effluent pH (Yake, 1984) was similar to river conditions.
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Specific conductance, total hardness, and chloride increased at the dis-
charge site. Chloride concentrations returned to background concentration
at Stations #3 and #4. Total hardness and specific conductance remained
elevated al downstream stations, probably because of groundwater inflow.
Both constituents were higher in the groundwater. The downstream increases
also appear in the summer low-flow data collected at r.k. 140.6 and r.Kk.
137.3 by Gibbons, et al. (1984). Their data show that chloride, hardness,
and conductivity values routinely double between the two sites.

Turbidity increased from 1 NTU to a mean of 5 NTUs at the discharge site,
but returned to background units at the downstream stations.

No increase in COD or fecal coliform counts was attributed to the discharge.
The present and historic loads for COD and other parameters are presented
in Table 2.

Total phosphorus and orthophosphate-P concentrations increased at Lhe
discharge site. The increased concentrations at the downstream stations
may be due to both the effluent discharge and the groundwater additions.
Phosphorus loading to the river is of concern because of the eutrophication
potential in Long Lake reservoir, but the loading from the SIP is included
in the current wasteload allocation strategy (Singleton, 1981). Yake
(1984) reported the SIP total phosphorus load as 9.5 #P/day, a value within
the range of previous data (Singleton and Joy, 1982).

Nitrate-nitrogen and ammonia-nitrogen concentrations increased at the dis-
charge site (Stalion 2) and at Station 3 downstream. Increases in nitrate-
nitrogen cannot be attributed solely to the SIP effluent because of the
high groundwater concentration (0.78 mg/L). The SIP ammonia load was 35.8
#N/day during this survey. It did appear to increcasec the concentrations

at Station 3. The calculated un-ionized ammonia concentrations (EPA, 1976)
at the time of sampling were 0.006 mg/L un-ionized NH3-N, well below

the 0.057 mg/L NH3-N acute and 0.012 mg/L NH3-N chronic criteria (FPA,
1984). A 7-day, %O—year Tow flow scenario can be projected by: using the
highest observed SIP NH3-N Toad (range 10.4 to 35.8 # N/day); the highest
river pH (8.1) and temperature (20°C) observed during the summer months at
a site Tocated slightly downstream of Station 4 (Gibbons, et al., 1984);
and 15 percent river volume dilution zone. The projected un-ionized ammonia
concentration is 0.009 mg/L. Under these conditions, the chronic criterion
is 0.025 mg/L NH3-N and the acute criterion is 0.103 mg/L NH3-N.

2. Metals

The metals data collected during the receiving water survey are presented

in Table 3 and compared with criteria concentrations (either total recover-
able metals or the metals which pass through a 0.45 um filter after
acidification to a pH of 4.0 with nitric acid) and acute toxicity data for
trout (Table 4). Toxicity is a function of hardness, and a value of 50 mg/L
(as CaC03) was used for criteria calculations. This hardness was observed
during the survey and appears to best represent conditions during summer

low flow in the reach in question.
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Upstream lead and mercury concentrations both exceeded the average con-
centration criteria. Copper, zinc, nickel, cadmium, and lead levels
were substantially increased at the SIP discharge. Copper, the most
notable ol Lhe group, was 170 times greater than the upstream concen-
tration at the discharge site. At Station 4, 1 kilometer downstream,
copper still exceeded the maximum allowable criterion, and was 6 times
greater than upstream levels. Soluble copper concentralions at the
discharge substantially exceeded the range of experimentally determined
toxicity values for trout. A1l of the other metals were at or near
background Tevels at Station 3, 300 meters below the discharge.

The copper load from the SIP discharge appears to be somewhat variable.
Singleton and Joy (1982) reported a range of 11.2 to 17.8 # Cu/day. The
load during this survey was 44 # Cu/day (Yake, 1984). If the historic SIP
loads are compared to historic loads from other Spokane River, Washington,
discharges (Singleton and Joy, 1982), the SIP has been the greatest contri-
butor. The Toad observed duriny Lhis survey suggests that it probably re-
mains the largest source.

To determine if these metal concentrations are typical, the data of Gibbons,
et al. (1984) was examined for the low-flow period (August-September) at
stations comparable to our above Station 1, and 1 kilometer below Station

4. This comparison (Table 5) indicates the increase in total copper was
also detected in 1980 and 1981, although the magnitude of increase was
considerably smaller than in our data. This difference in magnitude may,

in part, be due to differences in river flows and the SIP load at times

of sampling and tu Lhe difference in downstream sampling locations.

Samples of Spokane River fish (whole composite) taken above and below the
discharge for metals analyses showcd extremely high concentrations of cad-
mium, copper, lead, and zinc, and were the highest recorded when compared
with results from other drainages in Basic Water Monitoring Program (BWMP)
sampling (Table 6). In comparing fish metal concentrations from above and
below the discharge, copper and zinc appear to be substantially higher in
the downstream fish. When comparing results from above and below a discharge,
it is difficult to determine how much of an increase is significant without
an estimate of the variation in concentration among fish from a single site.
However, for both copper and zinc, the concentrations in upstream fish were
within the range for other BWMP results while the concentrations in the
downstrcam fish were the highest observed. This increase indicates a real
difference between sites. The concentrations measured are for whole-body
analyses (including gqut contents). How much was actually in edible and non-
edible tissue is not known.

3. Priority Pollutants (organics)
Acid and base/neutral organics; volatile organics; and pesticides and PCBs

analyses were all performed on water samples from Station 2, the outfall
site. One compound, 1,1,1-trichloroethane (22 ug/L), was identified in
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the river. This concentration is below the ambient criterion for the
protection of aquatic 1ife (EPA, 1980a). A substantial concentration (5300
ug/L) was also found in the SIP discharge (Yake, 1984).

The pesticide, PCB, and volatile organics analyses of fish tissue (Table 7)
indicate the presence of measurable concentrations of DDT, DDT metabolites,
PCBs, and one volatile organic compound. The concentrations of DDT compounds
are within the range of concentrations for the BWMP station Spokane River

at Riverside State Park. The presence of measurable concentrations in fish
tissue indicates the fish have been exposed to low or intermittent concentra-
tions in the water. The Spokane River has also been identified as an area
of concern because of the consistent and high concentrations of PCB in fish
tissue (Joy, 1984). The presence of pesticides and PCBs does not appear to
be related to the SIP discharge as none was observed in their wastewater,

The volatile organic, 1,1,1-trichloroethane, was found below quantifiable
levels in the fish collected below the discharge. This compound was also
found in the effluent and receiving waler.

4, Toxicity Tests

The effluent dilutions (0.6 percent and 4.2 percent) for the static
bioassays were calculated using a 7-day, 10-year low flow in the river
(Post Falls) of 170 cfs and an effluent flow of 1.07 cfs. The dilutions
were based on complete mixing (1.07/170 = 0.6%) and on the 15 percent
river volume limitations (WDOE, 1978) suggested for dilution zones (170 x
15 = 25.5 cfs for dilulion; 1.07/25.5 = 4.2%).

The well water was intended to be a dilution water with chemical character-
istics similar to the Spokane River, but without the high metal concentra-
tions. We had planned on obtaining the water from a well near r.m. 86,

but that particular well was inoperative. As an alternative, the water

was collected from a tap at the Liberty Lake WTP. This water, upon
analysis, was high in zinc, much harder than anticipated, and not suitable
for a comparable control water. Tests with this water did, however,
provide some useful comparative information. T

The river water for the assays was collected at Harvard Road, the first
accessible point above the SIP discharge. The results of the bioassay
tests in Spokane River water indicate that the effluent is very toxic to
hatchery rainbow trout. The effluent caused 100 percent mortality at a
4.2 percent dilution in Spokane River water and a 3 percent mortality at
0.6 percent dilution (Tahle 8).

In order to determine if the 3 percent mortality was a toxicant effect and
to compare the theoretical mortality with observed mortality, the number
of toxic units was estimated for each test dilution. A toxic unit is
equivalent to the amount of toxicant which causes 50 percent mortality in
96 hours. The information needed to calculate toxic units is: (1) amount
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of each toxicant in the test solution, (2) the hardness of the test water
(especially for metal toxicity which is strongly influenced by hardness),
and (3) LCgq data for the test organism.

In our assays, the metals were measured on component waters (Table 9), but
not in the actual test dilutions. Total hardness was measured at O and 96
hours in the actual test solutions.

The LCsg for individual metals (Table 10) were calculated from data
presented in EPA documents (EPA, 1980b, c, d, e, f, g) and in Bailey and
Saltes (1983) for comparable hardness. In some cases where no data for
rainbow trout at comparable hardness were presented, the LC50 was
calculated by regression of LCgg (In transformed) and hardness (1n
transformed). Chromium had only one LCg( for trout.

The summation of toxic units (Table 11) assumes that toxic effects are
additive. For metals, that is generally a valid assumption although there
are some reports that zinc and copper are antagonistic (see Bailey and
Saltes, 1983 for a review of data). The observed mortality in our bioassays
was much less than predicted by the summation of toxic units (Table 8).
There is no clear explanation for this, but there is some uncertainty about
actual concentrations in the test solutions.

The discrepancy between theoretical or expected and actual mortality is
illustrated by a plot of percent mortality and toxic units (Figure 2).
This plot also indicates, although somewhat tenuously, that the 3 percent
mortality at 1.4 toxic units (0.6 percent SIP effluent in Spokane River
water) is a toxicant-caused mortality and not a random mortality. The
absence of mortality in the controls is another indication that this is a
toxicant-caused mortality.

The tests indicate that even if the effluent were instantly mixed in the
Spokane River, the effluent would cause some mortality of hatchery rainbow
trout at 170 cfs river flow. The application factors (acute/chronic

ratio) for zinc, copper, and cadmium range from 0.87 to 7.8 which indicates
the discharge would cause some chronic toxic effects at dilutions much
lower than those examined in the acute assays.

5. Design Flow Analysis

As discussed previously, the SIP metals load is significant and a cause

for real concern. The design flow analysis presented in Table 12 indicates
current SIP cadmium loads are acceptable under design conditions. Zinc,
lead, and mercury background concentrations are presently above the
criteria and therefore additional loading from the SIP is unacceptable.

A determination for nickel loads was not possible with the available

data.
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6. General Observations

During skin diving, no fish were seen immediately below the discharge.

An attempl was made to count the number of fish above and below the
discharge, but the number of fish above the discharge was very high and,
therefore, difficult to count and record. As we entered the discharge
area, the WTP was discharging and visibility for the observer in the
effluent plume was very low. The other observer, swimming adjacent to
the shore where visibility was good, did not see fish below the discharge
until reaching an area of significant groundwater inflow about 30 meters
below the discharge.

Another interesting observation was made in the immediate area of the
discharge. Periphytic growth was observed on only the Tower half of
rocks near and in the waste stream. This was most noticeable in areas of
groundwater inflow. The effluent is apparently toxic to algae, and algae
is only able to grow where dilution from groundwaer inflow occurs.

During the electroshocking on the night of September 1, some fish were
found in the area helow the discharge.

CONCLUSIONS

1. Nutrient concentrations increased slightly below the discharge and
groundwater inputs.

2. The discharge is Tocated in the general area where a large population of
fish exists.

3. Metals loading, especially copper,is excessive and causes in-stream water
quality criteria violations. Fish tissue analyses and observed effluent
plume avoidance by fish substantiate its significance. The current load
will either cause or aggravate water quality criteria violations during a
design flow event.

4. Bioassays indicate SIP effluent is acutely toxic to rainbow trout at
dilutions in Spokane River water as low as 1:167. The dilution during
the 7-day, 10-year Tow flow is 1:170.

5. In-plant surges effectively double the loading at frequent intervals.

6.  The outfall lacks a diffusor and i< in a poor Tocation to promote mixing
at Tow river flows.

7. The poor diffusion and dilution characteristics of the current outfall,
combined with hydraulic surges, a highly toxic wastestream, and a design
Tow flow, could significantly impact the receiving water quality and be
deleterious to the resident fish populations. The effluent, as currently
constituted, is unacceptable for discharge into the Spokane River.
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RECOMMENDATIONS

1. SIP flows and loads should not be allowed to increase.

2. Ways to eliminate metals from the effluent should be investigated and
implemented as soon as possible.

3. Interim measures should be established until metals removal can be
accomplished.

4. The hydraulic surge problem identified by Yake (1983) should be corrected.

5. A diffuser should not be added to the discharge pipe until metals removal
is accomplished.

6. The chlorination system may have to be improved when the wastewater toxi-
city is deccrcased.

/. Wastewater monitoring practices suggested by Yake (1983) should be
impTemented.

8. If possible, any future NPDES permit effluent limitations should be
expressed as loads.

GB:LRS:cp

Attachments (tables)
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Table 5. A comparison of metal concentrations in the Spokane River for 1980, 1981,
Data from 1980 and 1981 are from Gibbons, et al., 1984.
concentrations are in ug/L.

and 1983.

August 26, 1980

August 25, 1981

August 29-30, 1983

Metal r.k. 140.6 r.k. 137.3 r.k. 140.6 r.k. 137.3 r.k. 140.6 r.k. 138.1
Total Copper <1.0 2.0 <1.0 2.0 5.5 32
Soluble Copper 1.0 1.7 1.0 <1.0 6 9
Total Zinc 106 65 20 15 67 67
Soluble Zinc 65 40 5 15 62 58
Total Nickel - - <5.0 <5.0 <75 <50
Soluble Nickel - - <5.0 <5.0 <75 <50
Total Cadmium - - <1.0 <1.0 0.4 0.8
Soluble Cadmium - - <1.0 <1.0 0.3 0.5
Total Lead <1.0 <1.0 <1.0 <1.0 1 4
Soluble Lead <1.0 <1.0 <1.0 <1.0 <1 1
Total Mercury <0.5 <0.5 <0.5 <0.5 0.3 0.3
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Table 8. Results of acute bioassay test with Spokane Industrial Park

effluent*.

Percent

SIP 96-hr. Mortality Estimated
DiTution Water Effluent of Rainbow Trout Toxic Units
Spokane River 0.6 1/30 = 3% 1.4
Spokane River 4.2 30/30 = 100%1 7.9

0.0 0/30 = 0% 1.1

Liberty Lake Well Water 0.6 0/30 = % 1.2
Liberty Lake Well Water 4.2 6/30 = 20% 1.8
Liberty Lake Well Water 0.0 0/30 = 0% .1

*See Tables 9, 10, and 11 for components of calculation.

1Complete mortality within 24 hours.



Table 9. Metal analyses for water and effluent used in the acute toxicity tests.

Zinc Copper Cadmium Leac Nickel Chromium Mercur Arsenic
Sample Location Total Soluble Total Soluble Total Soluble Total Soluble Total SolubTe Total Scluble *Oﬁmﬂ otal
Spokana River Water . .
r k. 148.3 - Harvard Road 51 48 <10 2 < 0.5 <50 1 <50 <50 <50 <50 <0.2 <1 .
Liberty Lake area 200 170 <10 <10 Q<@ 50 <50 50 <50 <50 <50 <0.2 <1
well water ‘
Spokane Industrial
Park effluent 310 89 7300 860 8 2 100 2 1000 900 <1 1 0.3 <1




Table 10. Estimated LCgq of individual
metals to rainbow trout. (Data
from EPA 1980 b, ¢, d, e, f, g,
and Bailey and Saltes, 1983.)

Hardness Hardness
Metal 25-29 mg/L 139-143 mg/L
Zn 396 1,614
Cu 3.2 4.6
N 7,200 35,500
cd 1.5 15.7
Pb 8.3 12.4
Cr 69,0001 69,0001

lonty 1 LC5p value for salmonids in
literature reviewed (Bailey and Saltes,
1983).



Table 11. Concentrations of soluble metals in test solutions, based on analysis
conducted on components before mixing, and the resultant estimated

toxicity (1 toxic unit = 50% mortality in 96 hours).

Toxic Units

I. Well water - hardness = 139 mg/L

Zn = 170 ug/L

II. 0.67% sIP

Zn
Cu
Ni =
Cd =
Pb =
Cr

2

R

R

effluent in well water - hardness = 141 mg/L

170
5.2
5.4
.01
.01
. 006

ug/L

"
"
1"
"

"

AN AN AN A
I

b=t A
N

7 o=

ITI. 4.27% SIP effluent in well water - hardness = 143

Zn = 170 ug/L .1
Cu= 36 " 7.8
Ni = 38 " <.1
cd = .08 " <.l
Pb = .08 " <.l
Cr = .04 " <.1

LI =17.9

Iv. Spokane River water - hardness - 25

Zn = 48 ug/L .1
Cu = 2" .6
Ni = <50 " <.1
cd =0.5" 23
Pb = 1.0 " .1
Cr = <10 " <.l

r=1.1

V. 0.6% SIP

Zn =
Cu
Ni
Cd
Pb
Cr

R

R

K

VI. 4.2% SIP

Zn =
Cu =
Ni =
Cd =
Pb =
Cr =

effluent in Spokane River water

70
1.3
0.4
0.4

<.01
<.01

ng/L

"

1"

A

"

"

== 00 B N

AA
.

r=1.

~

- hardness

in Spokane River water - hardness = 29

48
4.4
37.7
0.4
0.08
.04

ug/L

"

A
oW e

"

"

"

AN

"

.1 calculated as 170 + 1614 (Table 9)

25
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